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GLNZRAL SURVEY OF ATWiOSPHERIC DIFFUSION.
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L. Significance of Atmospherie Diffusion as a Scienco.

The object of otmoopheric diffusion us a science 1o tho study
of pollution propagation in the air. One of the most important
proctical problems vhich requires developing this branch of,
science is the air pollution by industry and transport, primari-
ly urban pollution. If atmospheric diffusion did not exist in the
alr the pollution would acoumulate in the lover layer of atmosphere
and the inhabitants of tho citics would not be able to breathe
without gas-masks, Of no less importance is the problom of distri-
bution of radiocactive matter, vhich lately becanme a problem of
great trouble to humanity. Due to atmospheric diffusion everybody
of us, to a certain extent, is subjected to the effect of radioc-
activity - a result of atomic explosions.

e come across the phenomenon of atmospheric diffusion in ag-
riculture when the plants are chemically pollinated/;zuthe
atruggle ageinst pests or when they are defended from frosts by
producing a smoke, The sea salt and the volcanic dust, bacteria
and vifuses, pollen and seeds of Plants are distributed in the
air due to atmospheric diffusion., The air masses are saturated
v:1th humidity above the sea and with dust above the deserts due
to the same cause. ‘

The study of atmospheric diffusion is of grecat importance
for practical purposes as well as for adjacent branches of science,
And at the same in view of the intriguing complexity of the stu-
died phenomena the investigation of them can give an aesthetical
satisfaction even to the most exacting scientists. It mostly re-
fers to the specialists in hydrodynamics and geophysics who are
enzaged in the problems related to atmospheric diffusion,
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2e Fictors Influcncing on Atmoopheric Difiucion.

Atmospheric dififusion is a very cpmplox phonomcnon thich
io dopondent on many fectors, Firat, oac necds know the woy the
pollutiona como iato the cir, in other words, the nature of o
sourco., The pollution ontering tho air mey be produced by
industrial enterprices, artificial sources and tho earth's cure
ifcee dtoclf. Tho source may be inotantanocous and continuous with
& conotant or variable productivity, Th4 source may be a point
source (swround or clevated) odp distributcd along the 1line, over
the ouriaoco or vdlume., It is aloo iuportant to know whothoi e
tho pollution particlos have a ccrtein opecd ot the outlot of
a source (for instonocc, the exhaust opeed of a gas ot the sut-
let or o chimney) snd vwhat tomperature of the pollutoed air ic at
thooutlet of a source (the hedtod zas as compared to the surroundiq
oir will ilow up, the cooled one~ down),.

Socondly, ono needos know the peculiaridice of thc pollution
propaguting throughout the cir under diffsront metcorslosical cone
ditions, The air pollutions are transported by the cir flowe cad
they diffuse alpso due to turbulenco,The objoct of hydrodynauics
is to deocribe thece proceses,

To describe the transfer of the pollution by wind one has to
inow kinematica of the cir flows, In particulor, to cstmato the
propagation of the pollution in the surface layer it ie neceasury
to have the information about the vertical wind profile under
different meteorologiccl conditions (pariiculurly - under difle-
rent thormal stratification of the air), To eatimato an average
pollution cround o ziven source for a long period of time it is
noceosary to heve statistical data obout o wind direotion cnd a
wind specd in the glvon region. To estimate the pollution Trom the
instantancous point on tho globalscale one nceds know kinematics
of the air flows of synoptic ccole over o grout purt of tho 3lobe
and for o pufficiently long period of time (moasured in weaks).
Beaides rcgulur macroacopic flowe there cxist chaotiec hydrody-
namic motions of different scales wp to a very small scale of the
ordor of 1 cm. Thome chaotic motions are called turbulenco, i xing
process due to the turbulonce is the reason for turbulont diffusio;:
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ol pollutions. In order to dcoeribe the turbulent dififusion one
nceds know come statistlcal characteristica of the turbul:znt vedoe
city rfield. These characteristices, generally speckins, appecr to
be dependent upon meteorological conditiono and ainly upon the
field of averaged wind velocity and thermal stratification of the
air. Tor euample, under stable stratiiication the turbulent diffu-
ovlon is going on very slowly ond the pollutions are transportcd by
wind almost without dispersion. On the contrary, under convection
the turbulent diffucion leads to a rapid dispersion of pollutiono,
The third group of foctors influencing on the ctmospheric dif-
iucion liec in the properties of pollution itcelf, Primarily, it
iz neceasary to lnow what eifect the gravity produces on the pollu-~
tion. Gacec which are heavier than the air end comparatively
large particles fall down. The gpeed of the fall of perticles de-
pende on thelr size, specific welght and form. The possibility of
chemical and radioactive transformation of pollution as well au
physical transformation guch as coegulation, sublimation and ,
absorption on aerocoles also should be talkea ianto account. In par-
ticular, the interaction of the pollution with atmospheric humidity
a3 water vapour, water drops in clouds and CTogs and precipitation \\
may be essential., For instance, the rains wmay clear the air from \\\
polluticns making them to fall to the earth!s surface. )
The fourth group of factors lies in the pollution interactign\\
7ith the earth's surface or woter surface. The pollution may be N
aboorbed by the surface (water surface can absorb the uajority ;ﬁ
of pollutions). The pollution may alsc be reflected from the sur-
face and come back into the eir. The intermediate cases are also
possible. There are cases of partial absorption and raflection or .
abgorption for a certein (random) period of time after which the
pollution raises up into the air. .hen the boundary conditiona for
the polluiion on the earth's surface are formulated mathematically
it 1o necessary to take into account its roughness and itc ability
to cbsordb the pollution of a given kind. Some obvious complications
will arige aB a result of the inhomogeneities of the earth's surface
such o8 varietles of a relief, presence of houses and trees, The
investigations in the theory of atmospheric difrusion are directed
to thc development of standard methods of estimation of the air

\
\
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polluiion under idealized average conditions (usuvally over o
flat relief under ctationary atmoapheric conditions) s well

s to the study of influence on atmospheric diffusion oi onc

or another enumerated above fectors (for iamstecnce, the iaflucnce
of thermal stratdfication of air ). I cheil nostly touch on the
inveotigationc of the theory of turbulent diffusion.

I don't meecn to review the 1iterature on this cueation cnd
confine uyoccelf to mentioning only fow cuthorsc, I au sreatly
pleaged to specak here in 3ngland about the outotoinding ro-
sults of the English scilentiatn auch oo iicherdson,faylor,
Sutton,Batchelor and meny others.

-

3. .. Specific Peature of Turbulent Diffusion.

i specific Teature of turbulent diffusion is a wide gpect-
rum of scales of turbulent notions giving rise to the air nliing
proceas, The charecter of turbulent diffusion depends upon the
distribution of the energy among turbulent motions of different
geales. The groatest of them oan be called the scale of tur-
bulence . The velocities at points the distance between
which does not excced EZ are statisticelly connected.
pherefore the polluilon particles the distance between ‘hich
does not exceed ‘ s Will muwe, generally speaking, inde~ |
pendently of each other. TPhis breaks the analogy between tuy- \
bulent and molecular diffusion.

in a number of caces the scale of turbulence éa appears
to be emall es compered to the size of %he region in which the
diffusion actually J%ure ( for instance, a8 compared to the di-
ane ter of the pollution cloud ), In these cases one can N
gpeak of the diffusion in the field of small scale turbulence.

Ta such cases the pollution particles at comparatively smcll

(no compared to ;zz ) dictances niove independently. The descrip-
tion of turbulent diffusion by analogy with that o mole ular
diffusioﬂ geems to be justifiable. Such an gporoach is usually
epplied to the descriptior of turbulent diffusion along the
vertical in the surface layer of atmosphere.
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~e Anclogy between the diffusion in the Tield of small secole
turbulence cnd molecular diffucion.

Phe analogy liec in the Lfollowing. The chaotie molaculor

motion can be charoccterized with con averege veloelity of moleculoar
motion S (donending upon the gao tomperature) ond a no=
locule froe rf)}).th langth « 'The coefficiont of the wole~
cular diffusion can bo determined by meuno of the vclues K m‘\’vmem.
Phis coefficient 1o introduccd into the theory as the cociiicicat

of proportionclity between the difiusion flu. of a given aub- )
gtance end the gradient of its concentration V §

.
e £ K,, VS ( g‘ i3 the air density ). Similerly,

the c.}—l:zo ic t:u'bulent moiion can bo characterized by the mazni-
tude of turbulent fluctuation of the velocity V (which
gerves a measure of the intensity of turbulence ) and the wvcale
of turbulence ¢ ( L.Prandtl in 1934 introduced " o miu-
ing length" as ,e s the value which is eimileor to a wolecule

free path langth). Then the coefiiclent of turbuleat diffucion

K~ U'e can be introduced. It ig understood ns the
coesiidient of proportionality botween an average turbulent
flux of a given scubstonce S = ¢S'tA and the

gradient of its averaged concentration Vg‘

5::-9&(&73" (1)

(a bar denotes averaging and a dash denotes the doviatlion from

the average value, W is the velocity field). Assump-

tion of proportionality between S and vg‘ wog formu-

lated by i/.Schmidt (1925)., On the base of this assumption the
so-called semi~cmpirical theory of turbulent diffuclion was deve-
loped. In mathematical respect it is anclogous to the theory . Sl
of molecular diffusion in non-homogeneous medium,
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The scales of molecular uotions differ many times from

those of turbulent motions. So, for molecular motions

’\Vm«) 10*  em/sec, «cm ~Ar 10"%ca, Km ~s 10~tem?/sec
in the surface layer of atmosphere, and for turbulent motions
UV~ 10 cm/sec,-tjwloz— loscm, K~ 10°- 10%cm?/sec. The £i-
gures show that the molecular processes can be neglected in
the majority of problems of atumospheric diffusion, At the
same time the difference in scales does not lead to the
qualitative difference between ithe turbulent and molecular
diffusion. ..ore essential is the difference in the velocities &
of motiond as the fitness of paresbolic diffusion equation is
more limited the less are the actual velocities of the motion
of diffusing particles (this question will be considered be~
low). It 18 also essential that in contrast to the mollecular
diffusion the turbulent mixzing in the atmosphere, as a rule, (§
non~isotroplec. However, the corresponding generalization of
theory does not present any difficulties (i.e. under -8
and J{  tensors should be understood).

5. A Semi-empirical Bquation of Turbulent Difrusion.

A semi-empirical equation of turbulent diffusion for the

surface layer of the atinosphere can be writien as follows: ‘t
798 8 . .
TN L I L LIV IP TR
ot o X dX *Q9x /ba "3\.’ I Z'Bz

Here the azis X is directed in the wind direction, the axis 2
is directed vertically, %& is the time, l{. is the wind velocity,
N LK, ,K are the coefiicients of turbulent diffueion in

the directions of .\ ,l} s 7. o+ If one needs take into account
the gravitational fall of diffusing particles (with a veloci- 1S
tr \As ) and the possible exponential decrease of the

quantity of diffusing matter ( with churocteristic tine ‘enz/"x)
then the item » W28 4o should be added to the left

part of the equatioﬂ?}%). However, in the standard methods of
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colculation these items are usually not conaidered. The equation
(2) is formulated for the half-space 2> Zo s Where 2,
is a roughness parameter of the earthts surface, TFor the sur-
face F = Zo one or another boundary condition is given
for the concentration S . A typical problem of the
equation (2) is to seek the Bolutions corresponding to instan-
taneous and continuous sources of pollution (in the inveati-
gation of continuous sources the iten I k"ﬂ as compared
to W@ £  is usuelly neglected), The coefficlents u ’KX'K$ ' %
or the gb{ equation (2) are, generally speaking, variable. The
analytical solution of the equation fitted for standard calcu-
letions oned%fa%age:z to obtain only by some particular agsuwaptions
about these coefficients. fo in the case of constant coeirici-
ents soldutions of the equailons (2) corresponding to the basic
types of sources have been stuoz.d by O.F.T.Roberts as far beck
as in 1923. These solutions give a good qualitative description
of diffusion processes, They don't agrec however, quantitatively
with experimental data (the rate of the concentration decreasing
of the pollution as it removes from the source proves to be too
smal¥). Besides this the theory of the turbulent state in tho
surface layer of atmosphere as well as direct measuremenis of the
coeffiocients of turbulent diffusion show that these coefficlients
are not constant. They increase with the height (under indifferent
stratification they increase proportionally to the height). The
solutions of the equation(2) when {4, = const and kj’ K, ok 2
were studied by Bosanquet C.I. and Pearson J.I., in 1936, And,
finally some authors considered the case when the wind volocity
!.{, and the coefficients of turbulcnt diffusion are propor-
tional to some powers of the height 2, . The equations
of this kind allow goog approximation of the experimental laws.
Singe 1944 the similar methods were developed by D.L,Laikhtman(USS]
in d:%ail in his works.
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6., Statistical Approach towards Turbulent Diffusion,

The diffucion equation (2) can be deduced from the agsum-
ption that each individual diffusing particle moves randonly
and its coordinates vary in time in accordance with the :iiarkov
random process, The equation (2) is the Focker-Plank equation
for this random procoss, Such a deduction leads to a following

gtatistical interpretation of the coefficionts of turbulent
diffusion

| cL 2, . 2 o
)<x:.’é--~§i—.(~£3 23;(4:):(;(,{«;-)-’((0)12' (3)

where X ('t) is the abscissa of a diffusing particle ot the
moment 4  (analogous cquations are valid for K, =nd ¥, ).
Hdence it appears that the primary concept is the spersion °
of the coordinate of a diffusing particle (deponding upon time)
and uot the coofficient of turbulent diffusion. The convonienco
of watching the moving particles (in other words the Lagranglan
method of describing the medium motions and not the Eulerian
one) is a specific feature of the theory of turbulent diffusion
in contrast to the theories of other phenomena caused by tur-
bulence, From this point of view the Lagrangian correlation
function of the field veloclty lo the most convenkent chorace
teristic of turbulonce

W b, (tvt) = U2 R (1) (4)
' X X J

d X () |
where I&,(i}=~4¥:rL*~f; is thé;ZOmponent of velocity of
o diffusing particlé at the moment s a bar denotes

averaging in time, .

An esgential distinction of the atatistical theory of
turbulent diffusion from that of molecular diffusion 1lies in
the supposition of existgnce of an instantaneous velocity of
a particle,

Wote, that there is an "evolution of a level" of a veloclty
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field in turbulent medium; the time mean values of characteristics
of a velocity field esgentiully depend uwpon the length of the
interval averaging, That is why the dotrmination of the corrclc-
tion funection (4) is valid, strictly speaking, only in tho ccses
of small scale turbulence (in the sense indicated above), In =
more goneral ccoos it is preforable to procecd from the Lonsrone
glan correlation function for the acceloration and not fur the
voelocity, 2.

The dispersion E;X [%) can be exprcssed by mcocns of

the correlation function (4) as Tollows

Set1=2ul § (H-DR (ryde )
O

This very important equation was proposcd by GeI.Taylor (1921),
O.G.3utoon (1932) suggested that the function R(T) should be
approximated by the equation R_,( T)zr_:‘-"ﬂ + 'T'/-r)-'n. o Yhen U
<re large the equation (f‘)xg..guf)Z'n is used; On this
booge 0,G.Sutton obtained the equatlohs Xor the concentration of

the pollution corresponding to the basic types of sources,
O.GoSutton's equotions proved to be very conveanicnt for description
of experimental data and beccame widely used for egtimation of

tir pollution,

It follows Pfrom the Terlor's cquation (5) that for small di-
ffusion timo & % ol t* and K o t ; Tor large
diifusion timo 6"" & t and K > const ( the last
regularity is enalogous to the casoe of molecular diffusion),

Using this information ond describing the concentration of the

pollution in the prescnce of en instantaneous point with the ,
help of a Gauss function having dispersi 8 6“1‘ = 61 + tf'z )
p a unction having dispersions O x ( Y, y § ) .‘ i(f)

Fyll.Prenkiel developed the methods Tor calculation of 3

diffusion of pollutions succossfully usod for description o7
urben pollution,
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7. IntTlucnee of Thormal Stratification of Atmospherc on
Purbulent Diffusion.,

As 1t was alraady mentioned; the turbulent diffusion in the
lowcr leyors of atmosphere is cssontially dependent on thermal stra-
tification of air. It is conveniont to use a dimensionloss para-
aweter while tho influonce of stzmtification on the turbulent
regime is takon into account

R'L; :..3. ?.:éi. 1 (6)
& (P4ha)"

whoro 3 is the accolcration of sravity, and O is tho so-
callod potential tompercture (in the lower laycr of atmosphere

6 ::"T+ ril y Whore r is the usual temporature and

r’-t '0(. /IOO M ). T™his paramctor was introduced by L.F,Richcrdson
(1925), R_,‘, is nogative under thermal instability and posi-
tive under stable stratification. i/ith the holp of cenergotic
considerations Richardson found out that if [{{ )R—i UL>O

the turbulencc decays losing its energy at tho work egainst the
Arihimed forces, lately, C.H.B.Pricstly and d.L.Deacon in Australia,
HeLottau in the USA and A.i,0bulkhov and A.S.Monin in the USSR
developed similor methods for consideration of the influence of
stratification on the turbulent state in the surface layexr of
atmosphere, Obukhov and lionin developed the similerity thoory
according to which the turbulent state is fully determined by

three parameters =~ turbulent stress, vorticel turbulent heat

flux and o p‘p.‘ramotor / ? » charcctorizing the influence of

tho Arkhimed forces, The influence of stratification upon tho cha-
racteristics of a turbulent state cro describod with dimensionloss
multipliers dopending on R-L which are oificiontly detemined
in a numbor of cascs,
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Ys Consideration of the Bounded Velocity of Rurbulent Diffusion.

The conaidered theory of small scalc turbulent diffusion
has a disadvantage. It does not take ifito account that the velo-
city of pollution propagation in the turbulent atmosphcro is
bounded as the fluctuations of the wind velocity causing tho
turbulent mixing are bounded. The parabolic character of a scnie
empirical diffusion eqiiation means that the pollution leaving
the source immediately propagatos throughout the space and cun be
2t onoe noticed at any large distance from thc source. Usuclly
this disadvantage tolerated os the volume inside of which the
concontration of the pollution is not too small is always bowided
and the distribution of pollution inside the volume is deseciibod
with a parabolic diffusion equation, &8 a rule, satisfactorily.
However, in some coses, (in particular, close to the actikel bounda-
ries of the pollution cloud) the use of a parebolic equation may
lead to essential crror. For example, the smoke going out of the
chimney having the height }\, rcaches the carth's surfcee at
a distance of .li;}\' from the chimnoy, whoro |A. is the
wind velocity, TJ” is the maximum velocity of smoke bropagation
along the vertical. At the same time in accordance with tho
solution of parabolic diffugion equation the smoke can be found
ot the earth's surface at any distance from the chimney.

The Soviet scicntist Sheleikhoveky proposed the methods for -
calculation of propagation of the smokc out of the chinnecyse
which arc freec orf the disadvontage indicated above., These methods
are on the use of a theory of a free turbulent jete According
to the Shelecikhovsky!'s cquation the smoke going out o tho chimney.
Tills the conc. Tho ﬁxis of the conc lies in the dircetion of the |
wind, an - Qngle. of it deponds upon the intensity of turbulence.
Sheleikhoveiky's oquation makcs it possible to determino only the
average concentration in different cross scctions of s smoke plume, .

Ln oificient method is to generalize the diffusion ecquation
in a way thct it might become hyperbolic. Such a generalization
wae proposed by the Soviet scicntist VoA Fock in 1926,by Z.5.Lya-
pPin in 1942 and by S.Goldstein in 1951. In order to deduce onc-
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dimcngional hyperbolic diffuazion cquation one c¢.n procced Trom

tho following assumptions: a) cvery individual diffusing particlc

moves randomly, b) anqgnstantaneous vclocity of o particlc cxists

almost cverywherce and is bounded, ¢) a particle coordinate ond c

dircetion of its motion Torm together a ilarkov rondom procoaa,
The diffusion cquation is odtained in the form

?iSi. f)'g; _l"13‘£;’1‘<f;<::“ v S

— =0 : —— . (1)
ot 2277 Za gy 20 27

where §  is the coacontration of perticles, S 18 tho turbulcnt
flux of particles, o is the moximdm velocity of particlces,

Q. is the characteristic ircquency of turbulont fluctuations,
21 iminating the turbulent flux onc can obtain for thc concentration
oi’ particles £ from (7) ths so-called telfgraph oquetion,

In the limit when ((—> &0 , U> o0 , ._U__ —s K y QO
usual parabolic equation can bo obtained, A

10. Diffusion in the Pield of Large Scale Turbulenco,

when the seale of turbulcnce ’{2 is not small as compa-
red to the size of the pollution cloud, the rcgularitics of tup-
bulent diffusion are cegentially different from those of molccular
diffusion., For example, in ¢ontras$y to molecular diffusion the
velocity of chcnging the distanco betwoen tho two dif-
Tusing particles depends upon the distanco L4 itaself:
thz veloeity, on average, is not large till- l_, remains small
and it grows large when [q becomes large., It can be ox-
plained by tho fact that the distance ossentially variocs duc
to turbulent motions the scalés of which are comparable with [q .
The small seale motions only slightly change this + s )
distance and tho large ocalc oncs carrying away both particles o
simultancously transfer them without cssontial change of a dis-
tonce betweon thom. So the inereaso of tho cloud sizc @cades to
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the iuncrcase of zn "cffcetive diffusion cocfiiciont",

Richardson woo the Tirst to pay atteation to this phenome:c
in 1926. He susgestod to dcascribe this pheiomena by a "distence
neighbour function® (t,ff) which is the probability
density for distance L. betweon two difiueing particlos,
Ricksrdson suggestod later thot the chinge of tho Tunction §§k3~itf’
ghould bo described by ¢ parcbolic diffusion cquction with a
diffucion cocfPicicnt K » dopending on |, . ith tho
holp of empiricel deate Richardson found out that FC([_)Q{,l:Q/S
This law iz velid for the pacnomcna of differcnt scalos beginning
with the diffusion in the surface layer of atmosphere up to hoe
rizontel mixing in the seales of a genorel circulation of atmos-
phere,

Sutton's cquations in which the diififusion coefricloent in-
creuses with timo qualitatively toke into cecount Rich. rdson's
cficct. However, the diifTusion along the verticcl i the zuricco
layor of otmosphere takes placc mostly due to small scclo turbu-
lences At the scme time turbulent motions of & very wide range
or scales take port in horizontel mizing of cir. For cxample,
experiments of a continuwous registrotion of & wind dircection and
observetions of smoke plumes chow that turbuicnt motions of
lergo seclos (some hundred motors aznd kilometers) lcuding to
fluctuations of g wis . c¢iroction aond observations of smoko plumcs
show that turbulent motions of a large scale (some hundrod mo-
tors ond kilomcters) leading to Tluctuation of o wind direction
with periods of scveral minutes have cassenticl influcnce upon
the difi'usion of pollutions, Therefore the Richardson's efrect
should be nccesscrily taken into accou::t whew desoribing when
describing horizoantal mixing, Q/Q;

The Richardson's low f((1~) . Lw ' was cxplained
by A....0bukhov (1941) as a consequence of similarity hypothoscs
of AN,Xolmozoroff (1951) for turbulence with a large Reynolds
iluabers. According to the Kolmogorofi's hypothesis there cxists
the so-called inertial range of sccles of turbulent motions, The
stotisticnl regime of these motions is fully determined by tho
cflfecet of inertial forccs which lead to tronsfer of energy of
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notions of large secales to those of smaller scales with a con-
stodit rate & . The vaiue £ which is equal to tho dissi-
pation of turbulent enorgy is tho only parameter detomining the
turbulont regime within the incrtial range. If the diffusion
occurs as a rcsult of turbulent motions of scclos within tho
inortial runge then K{l.}) =¢¢g "> R (where (I 1s a
number) in other words we obtain tho Richardson's law, The
application of the similarity thoory to turbulent diffusion vag
considored in detail in teresting works of Botchelor in 1950,

It is important to be ablc to estmato parctically the concon-
tration of the pollution S « The lknowlege of the "distanco
neighbour function® (1_;# )} for thie purpose is .ot sufficicn
08 AN can be detorminod according i only in tho cecc
vhen the motions of diffusing particles orc independent of cach
other. Somo information of tho concentration S in the
pbreoscnce of some or othor sources can to glven by the similarity
theory. So, in the two dimonsional casc the distribution of conf'
centration with regard to the centre of the pollution cloud in
the presence of an instantancous point source is as followsd

& .
iy X
S(TT) e Db § ( E.{Q (8)

( "U ie the distance frpm the cloud centre). In particular, the
cloud diameter grows proportionally to _t13/2.

In order to find a general form of the‘equation for tho
Richardsonts diffuaion, cxecpt the similarity theory, one can usc
the fact that the turbulcence is homogeincous and isotropic in tho
regidiration system connceted with the average motion of a medium/
In this registration systom under a givon initial concentration

SO 'l‘u) the concentration at the moment "f“ can be
detormined as follows:

o | ‘ 2/ 1 N\
S(P ."i") = (‘L({-‘,B‘:x 3*t:) S, ! P (9)

Approved For Release 2008/12/09 : CIA-RDP80T00246A004600420003-2



6A604600420003-2

Approved For Release 2008/12/09 : CIA-RDP80T0024
- 15

vaere the wave 8ign meane Fourior transformation according to */

| is the wave voector ( f} its magnitudo), ¢y - ) 1s
some dimcnsionlens function whicl is oqual to ] if = 0
and continuously decrcasing to zero if & -> 00 o Tho choige
of a conerote Punction Wy leads to a concrote diffusicn
cquation, If one assumos that the distribution of concentration
chages in timo according to g somi-group law then af 6)
should be put oqual to e —co |

Another cpproach to description of Richardson diffusich is

bProposecd by 4.l.Obukhov. It is suggested that the difrfusion cquats .
should be written in ¢ gix~dimcndional &pace of coordinate cad yo-
locitics by cnclogy with the theory of Brownion motion with .
incrtia end with additioncl requirements of invaricney brocoeding

isotropic,
11l. Porspectives of further development of theory,

The possibilitics of stutistical theory of turbulent diffy~
slon are far not cxhausded. In the nearest future this thoory,
undoubtedly, will strongly Progrcss following tho progress of gto-
tistic thoory of turbulence, Iven now cortaip methods suggeoted
for description of turbulence ure to beo usodmthe theory of tur-
bulent diffusion, As an ocxample I can indicate the presont workss

ol Roberts in which the equations for correlation noments of the \\
pPolltuion concentration and g veloeity field are constructed vith
the help of the hydrodynamical cquations, For ¥he purpose of
closing thaco cquations the hypothesis of u.D.umllionshchikoka
is used. (i.c. the fourth moments aro expressed by means oy the .
socond oncs according to the equations which arec valid for multi-
dimensional norm 3 distribution), The method of characteristic
functionals Buggested by E.Hopf is another axamplo,

In the present reviow I touchod on the most genoral broblcms of
atinospheric diffusion, I had o possibility to dwell on many intorcs-
ting, particular questions to bo diacugeed at our Symposfum, I am co:-
fident of tho sucsessful work of tho Symposium and hope it will

aerve a furthor Progress of oud science - the scienco of turbulont
diffusion,
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